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Introduction and Overview 
From a cellular perspective, the lung is one of the most heterogeneous organs in the body and constitutes 
one of the major primary targets for attack by toxic chemicals. Since the entire cardiac output passes through 
the lung, chemicals in the circulation can be absorbed and metabolized in the lung thus resulting in pulmonary 
toxicity. The response of the respiratory tract to toxicants varies according to a number of factors including: 
species, target site, target cell, dose and type of compound, level of inflammation etc. In order to understand 
the pathological processes of toxins and carcinogens, it is important to determine the underlying mechanisms 
of damage and understand lung structure and function. The use of in-vitro systems (organ culture, lung slices, 
cell culture etc), from both animals and humans provides an opportunity to manipulate and mimic the in-vivo 
situation. 
The Spring meeting of the British Association for Lung Research with BIOMED (an European Union 
research development programme with collaborators throughout Central and Eastern Europe) was aimed at 
providing an overview of the current state of in-vitro investigations into pulmonary toxicity as well as provide 
a forum to improve awareness of alternative approaches to tackling pulmonary toxicity. 
Starting with an assessment of the advantages and disadvantages of using animal studies within a clinical 
environment, the meeting progressed to look at utilizing the isolated perfused lung as a means of bridging the 
gap between whole animal and tissue slice studies. The recent advancements on lung perfusion techniques were 
discussed. The use of incubated lung slices as a robust technique for investigating transport processes, 
particularly the energy dependent polyamine uptake of paraquat, was explored. This talk was followed by 
discussion of the isolation of lung subcompartments by micro-dissection. This system has the potential for 
defining bronchiolar epithelium to catalyse xenobiotic biotransformation; comparing activity in target and 
non-target lung compartments as a means of identifying metabolic pathways associated with cytotoxic 
response, and assessment of interspecies response. The meeting moved on to look at studies employing 
isolated lung cells, illustrating the many responses to given toxicants, ranging from cell type effects and 
basement membrane effects, and to molecular studies, involving cell cycle studies and DNA strand breakage. 
Finally the importance of suitable animal strains used in toxicological and carcinogenic studies was 
highlighted. 
These in-vitro procedures are aimed at providing information for extrapolation to toxic effects to the intact 
animal and defining health risks to the human, where a bioassay is not feasible. 
On behalf of the BALR and BIOMED, I would like to thank the MRC Toxicology Unit Leicester for their 
support and Fisons Plc. for their generous financial donation. 
V. I. C. OREFFO 
MRC Toxicology Unit 
University of Leicester 
Leicester LEI 9HN, U.K. 
What use rodent to man? 
Speakers 
Interpretation, and hence relevance, of results from studies in animals and in-vitro models is critically 
dependent on choosing an appropriate system. It is not surprising then that scientists devote a significant 
proportion of their time establishing a suitable model prior to what the ‘sponsor’ would consider to be the real 
business of testing the molecule. Those who successfully establish new techniques and models for screening, as 
well as mechanistic studies frequently open up a whole new area of study. 
Working in a clinical environment, one is constantly aware of the need to relate ones findings to the human 
situation and frustrated in the knowledge that the definitive experiment would be in man! Needless to say, 
when it comes to toxicology, regardless of the legislation, who wants to volunteer for a dose of paraquat, even 
if it will help find an antidote? Especially when rodent and human lung slices have been used so successfully 
to elucidate the mechanism of action of paraquat ex vivo (Presentation by Ian Wyatt, Zeneca). 
Despite access to much human material, we have worked on a number of animal models, including mice, 
rats and rabbits, and cells derived from these animals, epithelial type 11 cells, non-ciliated secretory epithelial 
(Clara) cells, macrophages and fibroblasts. In addition, we have studied human material, including 
bronchoalveolar lavage (acellular and cellular components), fixed biopsy and postmortem tissue by light and 
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electron microscopy, primary isolated epithelial type II cells and fibroblasts. Unlike most animal studies, the 
variability observed in human studies can be a nightmare, reflecting genetic and environmental influences that 
are mostly unknown. This is confounded by the effects of smoking which have at least been found to be 
consistently different from non-smokers! 
This presentation will present data from human and animal studies that illustrate some of the differences 
and similarities that we have observed during our in-viva and in-vitro studies. In addition, problems associated 
with the use of human tissue will be highlighted. 
T. D. TETLEY 
Department of Medicine 
Charing Cross & Westminster Medical School 
London W6 8RF, U.K. 
Pulmonary toxicity in the perfused lung 
The isolated, respiring, vascular, perfused lung model bridges the methodological gap between in-vivo and 
in-vitro models of the lung such as tissue slices and isolated lung cells in culture. It has all the advantages 
inherent in an intact organ model including normal blood/perfusate flow, normal respiratory rates and the 
ability to administer compounds via the trachea and/or the vascular system. Consequently, it is ideally suited 
for measuring: (i) transpulmonary transport; (ii) contribution of the lungs to whole body metabolism; and (iii) 
role of the lungs in regulatory plasma drug concentrations. 
The purpose of this presentation is to address the more difficult field of lung toxicity and to evaluate 
whether or not the isolated lung model has any advantages over either in-vivo experiments or tissue slices and 
lung cells in culture. Examples will be cited where the perfused lung has been used for: (i) the diagnosis of lung 
damage and the relative potency of related chemicals; and (ii) the evaluation of protective agents against 
chemically-induced lung damage. Finally, the potential of the perfused model for determination of: (i) lung 
transit times; and (ii) drugdrug interactions in the lung will be discussed. 
C. G. CURTIS 
Bio Dynamics Research Ltd 
Cardif Medicentre 
University Hospital of Wales 
CardiSf CF4 4 UJ, U.K. 
Lung slices: a robust instrument for the identification of perturbations in the lung 
It has been demonstrated that chilling lung slices in ice-cold media can affect their metabolic function, so 
therefore the lung tissue was not cooled in this study (Sholz and Rhoades, Biochem J 1971; 124: 257-264). The 
procedure followed at CTL was to wash the lung in Krebs-Ringer phosphate (KRP; 130 mM NaCl; 5.2 mM 
KCl; 1.9 mM CaCl,; 1.29 mM MgSO,; 10 mM Na,HPO,; pH 7.4; plus 11 mM glucose) at room temperature, cut 
slices (0.5 mm) using a McIlwain tissue chopper (or slicing by free hand) and then bathe the slices in KRP at 
room temperature. Lung slices (20-40 mg) were then incubated in 3 ml of KRP in 25ml conical flasks under 
air at 37°C with shaking at 70 rpm. Under these conditions, the viability of the slice remains constant for up 
to 4 h (Montgomery et al., Lung Res 1980; 1: 239-250). This presentation will discuss methods for assessing 
viability of lung slices and then demonstrate their versatility as an instrument to study events in the lung. 
IN-VITRO STUDIES 
Our initial studies discovered that paraquat enters lung slices from experimental animals and man via an 
energy-dependent saturable pump (Rose et al., Nature 1974; 252: 314315). Subsequent studies have 
demonstrated that this uptake process is not unique to paraquat as several endogeneous compounds such as 
the polyamines are able to be accumulated by the same transport system (Smith and Wyatt, Biochem 
Pharmacol 1981; 30: 1053-1058, Smith et al., Biochem Pharmacol 1982; 31: 3029-3033). The kinetics of lung 
slice accumulation obeyed classical Michaelis-Menten predictions such that an apparent K,,, and V,,,,, could 
be derived and inhibition studies could be performed. 
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Early structure-activity studies identified that the monoamine, cysteamine, was able to block paraquat 
uptake into lung slices by competing with the paraquat uptake pump. This was surprising as the 
structure-activity studies had identified that diamines were necessary for transporter recognition. Subsequent 
studies showed that cysteamine was oxidized to the diamine cystamine, which was recognized by the uptake 
process, and cystamine was then metablized to taurine (Lewis et al., Biochem Pharmacol 1989; 38: 481488). 
COMBINATION OF IN-VIVO FOLLOWED BY IN-VITRO STUDIES 
Lung slices from animals treated previously with paraquat have helped to identify the cell types involved in 
the uptake process (Smith et al., Biochem Pharmacol 1976; 25: 2485-2487). The specificity of uptake for cells 
in the lung has also been further confirmed using autoradiography (Nemery et al., Toxic01 Appl Pharmacol 
1987; 91: 107-120, Wyatt et aZ., @iochem Pharmacol 1988; 37: 1909-1918). 
A number of biochemical processes can also be monitored in lung slices such as the markers of oxidative 
stress which are of particular relevance to the mechanism of action of paraquat. For example, the activity of 
the hexose monophosphate shunt and fatty acid synthesis from [“‘Cl acetate has provided valuable 
information on the perturbations of these pathways by paraquat (Keeling et al., Biochem Biophys Acta 1982; 
716: 249-257. 
Our experience has demonstrated that lung slices provide a simple, reliable and valuable instrument for the 
study of transport processes and perturbation to biochemical pathways following presentation of xenobiotic 
compounds to the lung. 
I. WYATT 
Zeneca CTL 
MacclesJield SKI0 4TJ, UK. 
Cellular heterogeneity in the lung: micro-dissection strategies for defining metabolic mechanisms 
of focal injury 
In terms of cellular organization, the respiratory system is one of the most complex organ systems in the 
mammalian body. This complexity is reflected in the heterogeneity of the phenotypic expression of cell types 
lining the airways and in the focal nature of the injury response to pulmonary toxicants. In the distal 
respiratory system (trachea, bronchi, bronchioles and pulmonary acinus), the epithelial populations vary by 
density, cell types present, proportions of those cell types which are present and distribution of all types within 
the airway tree. At least seven different cell phenotypes have been identified in the tracheobronchial 
(conducting) airways: mucous goblet cells, small mucous granule cells, Clara cells, ciliated cells, serous cells, 
neuroendocrine cells, and basal cells. A comparison of any particular airway generation, such as the trachea, 
between different species shows a wide range in the composition of the epithelium, with some species having 
a Clara cell as the predominant non-ciliated cell, other species having a mucous goblet cell, and still other 
species having a serous cell. The secretory products as well as the abundance of these cells varies widely, even 
in species with the same cell types present. Evaluation of the airway tree shows that in some species, ciliated 
cells and basal cells are high in abundance and extend throughout the airway tree into terminal respiratory 
bronchioles, while in other species, ciliated cells are much reduced and basal cells are absent in intrapulmonary 
airways. Even in species in which the Clara cell is the predominant non-ciliated cell throughout the airway 
tree, the expression of isoenzymes of the cytochrome P-450 monooxygenase system varies between species and 
in intensity within these cells in different airways. This heterogeneity in epithelial cell phenotype appears to be 
reflected in the focal nature of the cytotoxicity produced by bioactivated xenobiotic compounds. As an 
example, IP administration of naphthalene (NA) to the mouse results in dose-dependant tissue- and 
cell-selective necrosis of Clara cells. Clara cells in distal bronchioles of the mouse are injured at lower doses 
than Clara cells in proximal bronchi. Clara cells of other species such as the hamster and the rat are not 
susceptible to NA even at LD,, doses. To attempt to define the cellular and metabolic basis of site-selective 
and species-specific injury patterns, we have developed micro-dissection techniques for isolation of well 
defined subcompartments of the lung (trachea, lobular bronchus, major and minor daughter bronchi 
subsegments, distal bronchioles, parenchyma and blood vessels) which are applicable to species ranging from 
mice to monkeys. They appear to have to be valid for studying site-selective toxicity, metabolism and 
detoxification potential in both short-term incubation and in culture for up to 7 days. 
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Comparison of airway levels in the mouse shows that NA is metabolized stereoselectively to IR, 2S-NA 
oxide at three-fold higher rates in distal bronchioles than in trachea, while metabolism in parenchyma occurs 
at very low rates. The rate of NA metabolism in a non-sensitive species, the rat, is less than 40% of that 
observed in the mouse for all airway levels. While there is variation in the levels of glutathione (GSH), 
GSH-transferase activities and GSH synthesis rates in different airway subcompartments of the mouse and 
rat, these do not correlate with relative sensitivity to NA toxicity in proximal as compared to terminal 
bronchioles. To establish that the toxicity is due to intrinsic properties of the Clara cells, micro-dissected 
airways can be incubated with cytotoxicants, such as napthalene, which produce the cardinal signs of injury, 
which can be attenuated by preincubation with cytochrome P-450 monooxygenase inhibitors. Culture of 
isolated bronchioles for up to 7 days in serum-free medium maintains the morphologic characteristics of Clara 
cells and ciliated cells, retains marker proteins (CYP 2F2, CC1 0), promotes metabolism of napthalene at 
approximately 50% of the rate of fresh isolates and retains normal levels of GSH and activities of 
GSH-transferase. These studies suggest that the mechanisms responsible for the site-selective toxicity of lung 
toxicants can be defined using a combination of in-vivo and in-vitro studies with differentiated cells in 
micro-dissected airways. 
Supported by NIEHS grants 04311, 00628, 04699 and 06700. 
C.G.PLOPPER,X. DUAN, L. VAN WINKLE AND A. R. BUCKPITT 
Departments of Anatomy, Pharmacology and Toxicology 
School of Vetenary Medicine 
University of California, Davis 
CA 95616, U.S.A. 
In-viva and in-vitro assessment of fibrogenic mechanisms in interstitial lung diseases 
The normal structural composition of the lung connective tissue includes genetically different proteins of the 
collagen family, fibronectin, laminin, and the proteoglycan family. Environmental and occupational impair- 
ment of the integrity of the normal structure initiates inflammation and subsequently lung fibrogenesis. 
Depending on quality, quantity, and individual disposition, inhaled dust particles may provoke the 
development of focally accentuated or disseminated fibrosis or granulomas. To qualitatively analyse the 
normal connective tissue structures and their disintegration, immunohistochemical methods were introduced 
to localize collagen types, fibronectin and laminin. 
Lung fibrogenesis is a multi-functional process of different wound healing mechanisms capable of changing 
into self-perpetuating cellular reactions. Factors and targets of the intercellular communication were studied 
in vitro in alveolar macrophages, type II, pneumocytes, and mesothelial cells. For isolation of the 
pneumocytes, standardized procedures described by BIOMED (R. Richards, Cardiff) were applied. Expres- 
sion of mRNA in isolated cells was observed using a non-radioactive in-situ hybridization method. 
The present results show that different cells including alveolar macrophages, pneumocytes and mesothelial 
cells can be activated and contribute to the connective tissue metabolism and enhanced collagen synthesis in 
lung fibrogenesis. 
B. Voss*, TH.~IETHEGE~, S. BOHML AND K-M. MULLERT 
*Research Institute of Occupational Medicine 
Ruhr- University, and 
tznstitute of Pathology, University Clinic 
Bergmannsheil, Bochum, Germany 
Apoptosis, DNA damage and alterations in gene expression in isolated lung cells 
Isolated lung cells from rats and humans are suitable models to study toxic effects of xenobiotics on 
different types of cells. The most commonly used end-points of acute effects are various measurements of 
genotoxic damage and cell necrosis. However, other effects have recently come into focus much more. Toxic 
insult may lead to changes in signal transduction and altered gene expression, ultimately resulting in different 
functional activities of cells. Xenobiotics may also cause changes in cell cycle progression and force cells into 
the pathway of programmed cell death (apoptosis). 
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DNA damage can be assessed by the measurement of strand breaks using the alkaline elution method. 
Similar amounts of DNA strand breaks/alkaline labile sites were found in enriched Clara and type 2 cell 
populations and macrophages from rabbit lung after exposure to the directly acting mutagen, MMS. In 
contrast, metabolism-dependent compounds such as NNK, NHMI and DBCP induced much more DNA 
damage in the epithelial lung cells than in macrophages. 4-ipomeanol induced DNA damage predominantly 
in Clara cells compared to type 2 cells. 
DNA damage can also be measured as DNA adducts by 32P-postlabelling. Rat hepatocytes were found to 
have one major and three minor adducts after exposure to the benzaceanthrylene B( l)A. The major adduct in 
liver cells was not found in rabbit nor rat lung cells. Rabbit lung Clara cells exhibited more adducts than 
macrophages or type 2 cells, whereas this difference was not observed in rat lung cells, and the overall level of 
adducts was lower in rat compared to rabbit cells. 
Cell cycle progression can be studied using flow cytometry. Type 2 cells and the Clara cell enriched 
population showed different proliferation patterns. The highest percentage of cells in S phase was approxi- 
mately 2&25%. In continuously proliferating cell lines, the percentage of cells can be much higher. In 
proliferating HL60 cells, paracetamol caused an accumulation of S-phase cells at a concentration somewhat 
higher than therapeutic. The cells proceeded through the cell cycle as a synchronized population. 
Flow cytometry is also a suitable method to study effects of chemicals on cell death, both necrosis and 
apoptosis. Approximately 20% of the rat lung cells (Clara, type 2 and macrophages) incubated for 2 h revealed 
nuclear and cytoplasmic alterations characteristic of apoptosis. This was verified by light microscopy. The 
induction of apoptosis was enhanced by exposure to some xenobiotics. B(a)P approximately doubled the 
number of cells in apoptosis, whereas the benzaceanthrylenes had no effect. 
Gene expression and signal transduction may be affected by toxic compounds. An example of differential 
expression of signal transduction proteins in isolated lung cells is the distribution of different ras proteins in 
lung tissue and protein kinase A regulatory subunit expression in isolated cells. Among nuclear proteins the 
expression of c/ebp was different in Clara and type 2 cells. These results were obtained by using 
immunohistochemistry, flow cytometry and Western analysis. 
A few functionally important proteins were expressed differently in Clara and type 2 cells. The protein level 
of P-450 2Bl was higher in Clara cells than type 2 cells, and Clara cells expressed uteroglobin, whereas type 
2 cells did not. Surfactant protein was found in both cell types. The main techniques used were Western and 
Northern analysis and transfection. 
Isolated cells from bronchoalveolar lavage fluid after hydrogen fluoride exposure of human volunteers 
showed a different cell composition than from controls. More cd3 and cd5 positive cells were found among 
cells from exposed individuals, indicating an inflammatory reaction and influx of T-lymphocytes. Further- 
more, in some individuals, an influx of neutrophils was observed. At the time of lavage the levels of some 
interleukins were found to be roughly similar to control values. 
Approaches utilizing in-vitro exposure of lung cells from experimental animals and man may provide us 
with a better understanding of interspecies variations as well as hazard identification. However, risk 
assessment will be strengthened when such information can be combined with in-vivo data from experimental 
animals and man. 
The work was supported by the Norwegian Research Council, The Norwegian Cancer Society and the 
EU-grant, Biomed, BHMI-CI 1229. 
P. E. SCHWARZE, N. JOHNSEN, 3. T. SAMUELSEN, E. V. THRANE, K. LUND, M. LAG, M. REFSNES, 
J. KONGERUD, R. BECHER, J. BOE, J. A. HOLME AND R. WIGER 
National Institute of Public Health and National Hospital 
Oslo, Norway 
Inhibition of GAP junctional intercellular communication and induction of apoptosis in cultured 
mouse epithelial cells by BHT metabolites 
A single administration of butylated hydroxtoluene (BHT) causes reversible lung damage in mice, 
characterized by the death of alveolar type 1 pneumocytes and a compensatory hyperplasia of alveolar type 
2 cells. This serves as a model for studying the regulation of lung repair vs. fibrosis. Chronic treatment with 
BHT following administration of carcinogen enhances the development of type 2 cell-derived and bronchiolar 
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non-ciliated Clara cell-derived adenomas. This tumour promoting action of non-carcinogenic BHT and its 
metabolites presumably results from the actions of a quinone methide derived from an oxidative metabolite of 
BHT, 6-tert-butyl-2-[2’-(2’-hydroxymethyl)propyl II-4 methylphenol, or BHTOH. In-vivo studies have 
concentrated on the depression of pulmonary protein kinase C and calcium-dependent protease (calpain) by 
BHT and BHTOH. 
We have recently begun to study effects of BHT and BHTOH on established mouse lung epithelial cell lines 
in order to simplify the system. Cell lines which had morphologic (lamellar bodies) and biochemical 
(surfactant phospholipids) features of type II cells at early passage, and their spontaneous transformants 
(which have neoplastic properties such as anchorage-independence, lack of contact inhibition of growth, and 
are tumourigenic) were used. Gap junctional intercellular communication (GJIC) was investigated since this 
is often depressed in neoplasia. This was high in normal cells but low in neoplastic cells, as measured both by 
cell<ell transfer of Lucifer yellow fluorescent dye and by a decreased phosphorylation of the gap junctional 
protein, connexin 43. BHTOH was much more potent than BHT in reducing GJIC in the normal cells. These 
effects were reversible. At higher concentrations than were needed to inhibit GJIC, BHT and BHTOH were 
toxic to these cells. BHTOH could induce cell death by apoptosis, as measured by a nuclear condensation 
assay, to a greater extent than could BHT. A hydroperoxide derivative of BHT could kill cells by necrosis, as 
estimated by an MTS assay that measures mitochondrial integrity, with more potency than BHTOH, but was 
minimal at inducing apoptosis. 
Isolation of cells carrying a mutated oncogene from the proliferation inhibiting actions of normal 
neighbouring cells is one mechanism by which tumour promoters may function. The greater activity of 
BHTOH than BHT in its ability to inhibit cell<ell communication and to perturb programmed cell death is 
consistent with our hypothesis that BHTOH is the proximal metabolite of BHT necessary for its pneumotoxic 
activities. 
A. M. MALKINSON*, D. DWYER-NIELD*, G. PELJAK*, J. A. THOMPSON*, 
M. K. T. Scurant AND R. J. RUCH$ 
*Molecular Toxicology Program and Colorado Cancer Center 
TDepartment of Immunology 
University of Colorado 
Denver, CO and SDepartment of Pathology 
Medical College of Ohio 
Toledo, OH, U.S. A. 
Posters 
Immunolocalization of cytochrome P-450 2B in type I alveolar cells of rat 
Pulmonary cytochrome P-4502Bl (CYP2Bl) has been shown to be responsible for the bioactivation and 
pneumotoxicity of O,O,S-trimethylphosphorothioate and methylcyclopentadienyl manganese tricarbonyl in 
rats. 
This activity is inhibited in vivo by the organophosphate, bromophos, which results in destruction of the 
isoenzyme, and in vitro by the incubation of lung microsomes with a polyclonal antibody to CYP2Bl. The 
same antibody has been used for the immunolocalization of the enzyme in lung slices and in sections of lung 
embedded in acrylic resin. In control rats, the immunogold labelling was clearly evident, even by light 
microscopy, in Clara cells and in type II pneumocytes. Ultrastructural immunocytochemistry showed that 
antigenicity was also present in the cytoplasm of type I pneumocytes. These cells can only be resolved, with 
certainty, by electron microscopy. Immunogold was largely restricted to the apical cytoplasm of the Clara cells 
but distributed throughout the cytoplasm of the type I and type II cells. Immunolabelling in the Clara cells of 
lungs from rats dosed with bromophos (26 mg kg - ‘) was only 50-70% of that in controls, and labelling in 
type I and type II cells was abolished. The presence of CYP2Bl in type I cells probably contributes to their 
susceptibility to alveolar pneumotoxins. 
D. DINSDALE, M. J. LEE AND L. L. SMITH 
MRC Toxicology Unit 
University of Leicester 
Leicester LEl 9HN. U.K. 
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Role of y-glutamyltransferase in putrescine uptake by rat type II pneumocytes 
Putrescine uptake in type II pneumocytes is a carrier-mediated active process. Our hypothesis was that 
oligoamines might be taken up into the cell at least in part by y-glutamyltransferase(y-GT). This was 
investigated in rat type II pneumocytes, 24 h after their isolation. Pre-exposure to 125 ,uM L-buthionine-[SR]- 
sulphoximine (BSO) or 100 no diethylmaleate (DEM), which both reduce only intracellular glutathione 
(GSH), were found to decrease GSH by 85% (PcO.05) and 62%, respectively (P<O.O5) without changing 
[3H]-putrescine uptake. Pre-exposure to 20~~ N-ethylmaleimide (NEM), which affects intra- and extracellu- 
lar GSH, decreased intracellular GSH by 79% (P=O.O15), and putrescine uptake by 39% (PxO.03). Elective 
extracellular GSH depletion by 10 ,uM copper-o-phenantroline complex (CUP), led to a decrease in putrescine 
uptake by 41% (P=O.OOl), while intracellular GSH remained unchanged. Specific inhibition of y-GT by 
S-20 mM serine-borate or by 5 mM acivicin gave similar degrees of putrescine uptake inhibition (39.5% and 
40.5%). The kinetic properties of the putrescine uptake system in the presence of acivicin and serine-borate 
indicated that the V,,,,, decreased by 25% without change in K,. In experiments with pure y-GT, the 
oligoamines putrescine, spermidine and spermine, and cystamine turned out to be acceptor substrates for 
y-GT, all having similar efficiencies (V,,, IK,); methylglyoxal-bis (guanyl-hydrazone) MGBG and paraquat 
were not accepted. As extracellular GSH is required for y-GT, and because we found that its extracellular 
depletion inhibits putrescine uptake as much as specific inhibition of y-GT, we conclude that this indicates that 
40% of putrescine uptake in type II pneumocytes occurs by y-GT and that, therefore at least two systems are 
involved in the uptake process. 
R. J. VAN KLAVEREN, P. H. M. HOET, M. DEMEDTS AND B. NEMERY 
Laboratory of Pneumology 
Unit of Lung Toxicology 
Herestraat 49, B-3000 Leuven, Belgium 
In-vitro modulation of cytochrome P-450 dependent enzyme activities in cultured type II 
pneumocytes from hamster and human lung 
The lung plays an important role in the detoxification or metabolic activation of inhaled or circulating 
chemicals e.g. via cytochrome P-450 enzymes. The pulmonary cytochrome P-450 activity has been studied in 
many species, but relatively little is known about this activity in human lung tissue. In this study, we have 
investigated the possibility of modulating P-450 activity in primary cultures of type II pneumocytes isolated 
from hamsters and humans. In a first set of experiments, hamsters were dosed for 3 successive days with 
20-methylcholanthrene (3MC) (i.p., 20 mg kg - ’ dissolved in corn oil, 10 mg ml - ‘) or @-naphtoflavone @N) 
(p.o., 80 mg kg- ‘, dissolved in corn oil, 80 mg ml- ‘) and type II pneumocytes were isolated on the fourth 
day. In a second set of experiments, hamster or human type II pneumocytes were isolated and plated on 24 
well plates coated with extracellular matrix ( lo6 cells well - ‘) and cultured for 2 days in CO,-independent 
medium in the presence or absence of lo6 M 3MC or pN. In order to estimate the P-450 activity, cells were 
sonicated and the ethoxyresorufin-0-deethylase (EROD) and benzloxyresorufin-0-debezylase (BROD) 
activities were measured in the presence of dicumarol. 
In freshly isolated hamster type II pneumocytes, EROD activity was 3.9pmol resorufin mg protein ~ ’ 
min- ‘, and was increased after treatment in vivo by 3MC (210%) or pN (192%); BROD activity was 6.1 pmol 
resorufin mg protein - ’ mini’ and was decreased by 3MC (67%) but increased by /JN (152%). In-vitro 
exposure of hamster type II pneumocytes to 3MC showed a similar trend (EROD 159%, BROD 80%). Freshly 
isolated human type II pneumocytes had an EROD activity of 1.1 pmol resorufin mg protein- ’ min ~ ’ and 
increased after exposure to 3MC (291%) or /3N (309%); BROD activity was 6.0pmol resorufin mg protein ~ ’ 
min-‘, decreased after exposure to 3MC (50%) and increased after exposure to /IN (125%). All figures are 
means of at least two separate experiments. The most important disadvantage of this system is the high 
number (68 x 106) of cells needed per measurement. It is concluded that in-vitro modulation of cytochrome 
P-450 activity in isolated (human) type II pneumocytes is feasible. 
P. H. M. HOET, M. DEMEDTS AND B. NEMERY 
Laboratory of Pneumology 
Unit of Lung Toxicology 
Herestraat 49, B-3000 Leuven, Belgium 
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P388Dl cells vs. primary macrophages - a comparison of their biochemical and phagocytic 
responses to particulates 
Toxicity assays using primary mouse peritoneal macrophages (MPMs) may be used to assess the potential 
inhalation hazard of particulates. Generally, the more toxic an individual dust is to cultured macrophages, the 
greater is the potential hazard to health if inhaled. In this investigation, ‘macrophage-like’ P388Dl cells were 
compared with MPMs for their morphological, biochemical and phagocytic properties in order to establish 
the suitability of P388Dl cells for use in such assays. Their responses to series of 17 test substances was also 
compared using lactate dehydrogenase release. Comparison of P388Dl cells with MPMs showed similarities 
but also some differences. At the light microscope level, the cells appeared morphologically very similar, 
though P388D 1 cells were generally larger. At the transmission electron microscope level, P388Dl cells 
presented a more homogeneous population than MPMs, and demonstrated many of the ultrastructural 
features of MPMs. Biochemical differences were found between the two cell types. The protein content of 
P388Dl cells was greater than that of MPMs, but P388Dl cells had less DNA (probably due to chromosome 
loss by P388Dl cells during transformation to a cell line). P388Dl cells had relatively greater amounts of 
synthetic and metabolic enzymes than MPMs but much reduced levels of lysosomal enzymes. These 
differences were consistent with findings that MPMs efficiently phagocytosed both opsonized and non- 
opsonized particles, but P388Dl cells, though capable of phagocytosis, ingested particles at a slower rate and 
to a lesser extent. Lactate dehydrogenase release from P388Dl cells over 48 h, however, was found to 
discriminate between non-toxic and toxic substances, placing them in a similar ranking order to that obtained 
from using MPMs in a 72-h test. This study has therefore shown that although there are some quantitative and 
qualitative differences, P388Dl cells do possess structural and functional similarities to MPMs and may be 
used in routine assays. 
P. A. JONES 
Environmental Safety Laboratory 
Sharnbrook MK44 ILQ, U.K. 
The presence of hepatocyte growth factors/scatter factor in a high proportion of pleural effusion 
fluids from both cancer and non-cancer patients 
Hepatocyte growth factors/scatter factor (HGFISF) is a cytokine which can induce both mitogenic effects. 
Due to its capacity to scatter epithelial colonies in culture, it is a candidate molecule for the promotion of 
tumour spread and metastasis. We have looked for its presence in samples of approximately 100 pleural 
effusion fluids obtained from patients with involvement of pleura by primary lung tumours or metastases from 
distant sites or other benign diseases. Such fluids are a valuable means of investigating the milieu in which such 
tumours grow because the cancer cells are directly exposed to it and in many cases are found in effusion 
samples. The presence of HGF/SF was investigated by a scattering bio-assay and also with a sensitive ELISA 
for the presence of active HGF/SF as judged by ELISA. As a control, the presence of HGF/SF was also 
looked for in a number of samples obtained from other patients, including those with cardiac failure, 
pulmonary embolism or after pneumonia. Of these, 90% were positive for HGF/SF in the ELISA. It is 
concluded that HGF/SF frequently occurs in pleural effusion fluids associated with a variety of diseases and 
may well be secreted as part of a wound healing response. 
R. M. WARN*, A. GIUSTIANI, R. Y. BALL?, H. BAILLIE-JOHNSONS AND Y. DAIKUHARA~ 
*School of Biological Sciences 
University of East Anglia 
Norwich NR4 7TJ, 
Departments of tHistopathology and 
$ Oncology 
Norfolk and Norwich Hospital 
Norwich NRI 3SR, U.K. and 
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Kagoshima 890, Japan 
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Chemotherapy drug toxicity profiles of a human squamous cell carcinoma cell line of the lung 
cultivated long term in defined serum-free conditions 
A serum-free medium has been developed that supports the growth of a human lung cell line DLKP, which 
has been derived from squamous cell carcinoma of the lung. The basal medium Ham’s F12, is supplemented 
with insulin, transferrin, selenium and other trace elements. Continuous serum-free subcultivation of the cell 
line is possible once care is taken to reduce damage to the cells. The cell line has so far been cultivated for 7 
months or 18 passages in serum-free medium (DLKP.SF). Toxicity assays using the chemotherapy drugs, 
adriamycin, VP16 and vincristine, have been carried out on these long-term serum-free cells and have been 
compared to the toxicity profiles of the parental DLKP cell line. 
DLKPSF cells showed higher IC,, values compared to the parental cells for two of the three drugs tested, 
a 2-3-fold difference for adriamycin and approximately 1.5-2-fold difference for VP16. Further work will be 
carried out to compare toxicity assays using serum-free medium (SFM) in the assay as opposed to the usual 
fetal bovine serum background. One of the main advantages of SFM is that assays such as toxicity, growth 
factor and differentiation assays on cell lines can be carried out under defined conditions thus reducing 
variability in results. Serum is very ill-defined and batch-to-batch variations exists. Many multiple drug 
resistant variants of the parental; DLKP cell lines have been developed in our laboratory. One such variant, 
DLKPA, is a 300-fold resistant variant of the parental line. This cell line has also been found to grow very well 
in SFM and long-term subcultivation is possible. Future work will use SFM in toxicity assays on DLKPA cell 
lines under defined conditions. 
P. MELEADV AND M. CLYNES 
National Cell and Tissue Culture CentrelBioresearch Ireland 
Dublin City University 
Dublin 9 
Ireland, U.K. 
Decreased expression of mutated in colorectal cancer and adenomatous polyposis coli tumour 
suppressor genes in urethane-induced mouse lung tumours 
Mutated in colorectal cancer (MCC) and adenomatous polyposis coli (APC) gene expression were examined 
in urethane-induced tumours in A/J mice by both quantitative RT-PCR and Northern blot analysis. MCC 
gene expression was decreased several-fold in adenomas and adenocarcinomas relative to their respective 
uninvolved tissues. APC mRNA content was reduced two-fold in malignant tumours and in apparently 
uninvolved lung tissue from those same mice, but not in benign tumours. No allele loss in urethane-induced 
tumours from (A/J x C57) Fl hybrid mice was detected in the APClMCC region on chromosome 18 by 
microsatellite analysis or by Southern blotting using cDNA probes. This suggests that gross gene deletion is 
not the mechanism for the observed decreased MCC and APC expression. 
V. I. C. OREFFO*, S. ROBINSON* AND A. M. MALKIN~WN~ 
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